The objective of this prospective cohort study, conducted in 1998-2002 in New Haven, Connecticut, was to determine the prognostic effect of prior episodes of disability. The analytical sample included 580 communityliving persons aged 71 years or older who were nondisabled during an 18-month face-to-face assessment (i.e., zero-time). During monthly telephone interviews, participants were assessed for disability in activities of daily living. The primary explanatory variable was a history of disability in the year prior to zero-time as determined from the monthly interviews. The primary outcome was time to onset of disability over a 3-year period subsequent to zero-time. In Cox proportional hazards analyses that adjusted for several potential confounders, a prior history of disability was found to be significantly associated with development of any disability (i.e., ≥1 month) and persistent disability (i.e., ≥2 months); hazard ratios were 2.0 (95% confidence interval: 1.4, 2.7) and 2.0 (95% confidence interval: 1.3, 2.9), respectively. These strong associations were maintained after participants who had a prior history of chronic disability were excluded. Results demonstrate the long-term, deleterious effect of shortterm disability among community-living older persons. More frequent assessments of functional status may be warranted in epidemiologic studies and clinical trials when disability is a primary focus. activities of daily living; aged; cohort studies; disability evaluation Abbreviations: ADL, activities of daily living; CI, confidence interval.
A recently published study that included monthly assessments of activities of daily living (ADL) (1) found that the occurrence of ADL disability is substantially underestimated by longitudinal studies with long intervals between assessments, that is, more than 3-6 months. The primary source of this underestimation was the high rate of recovery among newly disabled older persons. These results suggested that disability among older persons often has a short duration and that most episodes of short-term disability are not ascertained by longitudinal studies with long assessments intervals.
Relatively little is known about the prognostic effect of short-term disability, largely because, until recently, disability for most older persons was considered a progressive disorder rather than a reversible event (2) . If prior episodes of disability are a harbinger of future disability, their clinical relevance would be enhanced considerably.
From a research perspective, moreover, it might be advisable for epidemiologic studies and clinical trials to include more frequent assessments of functional status when disability is a primary focus so that these short-term episodes of disability are not overlooked.
The goal of the current study was to determine the prognostic effect of prior episodes of disability among nondisabled older persons. We used data from a unique longitudinal study that includes monthly assessments of ADL function in a large cohort of community-living older persons. During a face-to-face assessment at 18 months, we identified persons who were nondisabled, determined their history of disability in the prior year, and followed them for an additional 3 years to evaluate the development of subsequent disability.
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MATERIALS AND METHODS

Analytical sample
Participants were members of the Precipitating Events Project, a longitudinal study of 754 community-living persons aged 70 years or older who were nondisabled (i.e., required no personal assistance) in four key activities of daily living-bathing, dressing, walking inside the house, and transferring from a chair. Assembly of the cohort, which took place between March 1998 and October 1999, has been described in detail elsewhere (3) . Potential participants were identified from a computerized list of 3,157 age-eligible members of a large health plan in greater New Haven, Connecticut. To minimize potential selection effects, these members were assigned a unique number by using a computerized randomization program, and screening for eligibility and enrollment proceeded sequentially. Eligibility was determined during a screening telephone interview and was confirmed during an in-home assessment. Persons who were physically frail, as denoted by a timed score of more than 10 seconds on the rapid gait test (i.e., walking back and forth over a 10-foot (3-m) course as quickly as possible), were oversampled to ensure a sufficient number of participants at increased risk of ADL disability (4, 5) . Slow gait speed has been shown in several different populations to be the single best predictor of ADL disability (4, 6, 7) .
Persons were excluded on the basis of the following criteria: significant cognitive impairment with no available proxy (1) (n = 28 or 3.6 percent of the 782 persons who were otherwise eligible); or inability to speak English, diagnosis of a terminal illness with a life expectancy of less than 12 months, or plans to move out of the New Haven area during the next 12 months (n = 104 or 4.0 percent of the 2,609 persons who were screened for eligibility). Only 4.6 percent of the 2,753 health plan members who were alive and could be contacted refused to complete the screening telephone interview, and 75.2 percent of the eligible members agreed to participate in the project, which was approved by the Human Investigation Committee at Yale University in New Haven. In terms of age or sex, persons who declined to participate did not differ from those who were enrolled.
The analytical sample for the current study included participants who were nondisabled at the 18-month face-toface assessment. Of the 754 participants, 100 (13.2 percent) were disabled in one or more of the four key activities of daily living at the 18-month assessment, 27 (3.6 percent) refused to complete the assessment, and 46 (6.1 percent) had died. Another participant had no monthly assessments of ADL function between the baseline and 18-month face-toface assessments because of an administrative error, leaving 580 participants in the analytical sample. Compared with these participants, the 174 cohort members not included in the analytical sample were (at baseline) older (80.2 years vs. 77.9 years, p < 0.001), had more chronic conditions (2.1 vs. 1.8, p = 0.02), and were more likely to be physically frail (69.5 percent vs. 34.7 percent, p < 0.001) and cognitively impaired (19.5 percent vs. 9.0 percent, p < 0.001), as defined below. There were no significant baseline differences according to sex, race/ethnicity, living situation, or education.
Data collection
The 18-month face-to-face assessments were completed in the home, while monthly assessments of ADL disability were completed over the telephone. All assessments were carried out by research staff who underwent intensive training and followed standard procedures outlined in a detailed manual of operations. Standardization of assessments and measurements of interrater reliability verified the consistency of ratings. The research nurses who completed the 18-month face-to-face assessments were kept blinded to the results of the monthly assessments. All research staff were kept unaware of the study aims and hypotheses. Deaths were ascertained by review of the local obituaries and/or from an informant during a subsequent telephone interview.
Assessment of covariates. During the 18-month face-toface assessment, data were collected on demographic characteristics, physical frailty (as defined previously), cognitive status as assessed by the Mini-Mental State Examination (8), and 13 self-reported, physician-diagnosed chronic conditions: hypertension; myocardial infarction; congestive heart failure; stroke; diabetes; arthritis; hip fracture; fracture of the wrist, arm, or spine since age 50 years; amputation of a leg; chronic lung disease; cirrhosis or liver disease; cancer (other than minor skin cancers); and Parkinson's disease. Participants were classified into two groups based on the presence or absence of physical frailty, and they were considered to have cognitive impairment if they scored less than 24 on the Mini-Mental State Examination (8) . Data on the covariates were 100 percent complete.
Monthly assessments of disability. Complete details regarding the monthly assessments of ADL disability, including formal tests of reliability and accuracy, are provided elsewhere (1) . Each month, participants were assessed for ADL disability (hereafter referred to simply as disability) by using standard questions identical to those used during the baseline and 18-month follow-up assessments. For each of the four key activities of daily living, we asked, "At the present time, do you need help from another person to (complete the task)?" Participants who needed help with a specific task were considered disabled in that activity. Participants were not asked about eating, toileting, or grooming (9, 10). The incidence of disability in these three activities of daily living is low among nondisabled community-living older persons (4, 5) . Furthermore, it is highly uncommon for disability in these activities of daily living to develop without concurrent disability in bathing, dressing, walking, or transferring (4, 5, 11) . Among a subgroup of 17 participants interviewed twice on the same day by different interviewers, we found that the reliability of our ADL assessment was substantial (12) , with kappa = 0.63 for disability in one or more of the four activities of daily living. For participants with significant cognitive impairment, the monthly telephone interviews were completed with a designated proxy. The accuracy of these proxy reports for disability was excellent, with kappa = 1.0. Among participants with mild cognitive impairment, the accuracy of self-reported disability was also excellent, with kappa = 1.0.
Statistical analysis
The 18-month face-to-face assessment was considered zero-time, the time at which prognostic estimations are made (13) . The primary outcome was time to onset of disability as determined from the monthly telephone interviews over a 3-year period subsequent to zero-time. To address the potential concern that disability for 1 month could be due to measurement error rather than a real change in functional status, we considered persistent disability, defined as a new disability present for at least 2 consecutive months (1), as a secondary outcome.
The primary explanatory variable was a history of disability in the year prior to zero-time as determined from the monthly telephone interviews. We chose to limit the exposure period for disability to 1 year for three reasons. First, many of the previous epidemiologic studies of disability have been based on annual surveys (14) (15) (16) (17) . Second, when clinicians ask their patients about relevant events, the frame of reference is often the prior year. Third, because we allowed a 2-month window for completing the 18-month home assessment, the number of monthly interviews completed prior to zero-time differed among participants. Data on disability were available for 99.3 percent of the 6,960 monthly telephone interviews in the year prior to zero-time.
The primary analytical technique was survival analysis. The Kaplan-Meier method was used for the unadjusted analyses (18) , while the Cox proportional hazards method was used for the multivariable analyses. The unadjusted results were stratified by frailty group. The covariates for the multivariable analyses included sex (female vs. male), race/ethnicity (nonHispanic White vs. other), living situation (alone vs. with others), cognitive impairment (yes vs. no), and physical frailty (yes vs. no), each analyzed as a dichotomous variable coded 1 versus 0; and age, years of education, and number of chronic conditions, each analyzed as a continuous variable. The purpose of the multivariable analyses was to determine whether a prior history of disability was independently associated with development of subsequent disability, after accounting for the effect of potential confounders. Our models adjusted for the factors that, in prior studies, have been most strongly associated with development of disability, most notably slow gait speed (i.e., physical frailty) and cognitive impairment (4, 6, 7, 19, 20) . Participants who had not developed disability but were lost to follow-up (n = 12) were censored at the time of their last completed interview. Data on disability were otherwise available for 99.5 percent of the 17,175 monthly telephone interviews subsequent to zero-time. Censoring due to losses to follow-up was assumed to be independent of time to disability. Ten participants died without developing any disability, and 33 died without developing persistent disability.
Although there is no generally accepted definition for short-term disability (21), chronic disability has been operationalized by Manton et al. (22) as disability lasting 90 days or longer. To ensure that our results were not contingent on inclusion of persons whose prior episodes of disability might not be considered "short-term," we repeated the preceding analyses after excluding 18 (3.1 percent) participants who had 3 or more consecutive months of disability in the year prior to zero-time.
Participants were considered nondisabled during the small number of months (0.6 percent) in which the telephone interview had not been completed. In a prior analysis (23), we found that formal imputation (single and multiple) had no substantive effect on our estimates of disability. The t test and chi-square test were used to evaluate differences in means and percentages, respectively. All analyses were performed by using SAS software, version 8.2 (24) and R software, version 1.6.1 (25) ; all p values are two-sided.
RESULTS
The characteristics of the analytical sample are shown in table 1. Compared with participants who were not physically frail, those who were physically frail were older, were more likely to be female, were more likely to live alone, were more likely to be cognitively impaired, were less likely to be non-Hispanic White, and had less education and more chronic conditions. In the year prior to zero-time, 59 (28.0 percent) participants who were physically frail and 33 (8.9 percent) who were not physically frail experienced at least 1 month of disability. The patterns of disability among these participants are summarized in table 2. About 20 percent of participants in each group had 3 or more consecutive months of disability (i.e., chronic). The remaining participants had a history of only short-term disability; most had only a single month or a single episode lasting 2 months. Among the 11 participants with some other pattern of short-term disability, the mean number of months of disability was 2.8 (standard deviation, 1.3).
Over the 3-year follow-up period, disability developed in 116 (55.0 percent) participants who were physically frail and 117 (31.7 percent) who were not physically frail (p < 0.001). The corresponding results for persistent disability were 82 (38.9 percent) and 59 (16.0 percent), respectively (p < 0.001). Figure 1 provides Kaplan-Meier curves for development of any disability and persistent disability according to history of disability in the year prior to zero-time for participants who were physically frail and those who were not physically frail. In each case, participants who had a prior history of disability had higher rates of subsequent disability than participants who did not have such a history. Table 3 provides the results of the multivariable analyses. As expected, physical frailty was strongly associated with development of any disability and persistent disability. Nonetheless, after we adjusted for physical frailty and the other covariates, a prior history of disability was significantly associated with development of both disability outcomes; hazard ratios were 2.0 and 2.0, respectively, for any disability and persistent disability. These strong associations were maintained after participants with a prior history of chronic disability were excluded. Adjusted hazard ratios were 1.7 (95 percent confidence interval (CI): 1.2, 2.4) and 1.6 (95 percent CI: 1.1, 2.5), respectively, for any disability and for persistent disability. When death was included along with any disability and persistent disability in two composite outcomes, the adjusted hazard ratios were 2.1 (95 percent CI: 1.5, 2.8) and 2.2 (95 percent CI: 1.5, 3.1), respectively.
DISCUSSION
In this prospective cohort study of nondisabled communityliving older persons, we found that a prior history of disability was strongly associated with development of future disability. This association was observed for two different disability outcomes and persisted after adjustment for several potential confounders and when participants with a prior history of chronic disability were excluded. These results demonstrate the long-term, deleterious effect of short-term disability and suggest that more frequent assessments of functional status may be warranted in epidemiologic studies and clinical trials when disability is a primary focus.
From a clinical perspective, it may not be surprising that a prior history of disability predicts development of future disability. The strongest risk factor for many geriatric syndromes (e.g., falls, delirium) and other medical disorders (e.g., diabetic ketoacidosis, status asthmaticus) is a prior history of such an event (26, 27) . In contrast to these conditions, however, disability has not traditionally been considered a reversible event. Indeed, in most prior epidemiologic studies, the rate of recovery from disability has not exceeded 30 percent (17, (28) (29) (30) . However, recent evidence from our group has demonstrated substantially higher rates of recovery, which were attributable in large part to ascertainment of short-term episodes of disability (1) . In response to these findings, an accompanying editorial questioned the clinical relevance of disability lasting less than 1 or 2 months (2), thereby providing the scientific justification for the current study.
With few exceptions (22, 30) , previous epidemiologic studies have not attempted to distinguish short-term disability from chronic disability (21) . This distinction has been difficult to make because the assessment intervals for disability in prior studies have generally been long, ranging from 6 months for the Women's Health and Aging Study † Three or more consecutive months of disability. ‡ Some other pattern of short-term disability (i.e., less than 3 consecutive months). (31) to 6 years for the Alameda County Study (32) . The availability of data from monthly assessments over the course of 4 years provided us with a unique opportunity to rigorously evaluate the prognostic effect of short-term disability.
Our results, coupled with accumulating evidence that disability is a reversible, and often recurrent, event (23, (33) (34) (35) , suggest that new strategies are needed to adequately capture the true burden of disability among communityliving older persons. In most studies, an incident case of disability is noted when a nondisabled person reports disability at a subsequent follow-up assessment. The frame of reference is usually "at the present time," and the duration of disability is not determined. One of the few exceptions is the National Long Term Care Survey, which has estimated the prevalence of chronic disability, defined as disability lasting or expected to last at least 90 days, in the Medicare population on several occasions from 1982 to 1999 (36) . To our knowledge, however, the accuracy and reliability of this operational definition have not been formally evaluated. Whether older persons can accurately recall the exact onset of their disability, especially over an extended period of time, or estimate the future duration of their disability is not known but should be the focus of future research. Innovative FIGURE 1. Kaplan-Meier curves for development of any disability and persistent disability according to history of disability in the year prior to zero-time for participants who were physically frail and those who were not physically frail, New Haven, Connecticut, 1998-2002. The log-rank test was used for statistical comparisons.
strategies, similar to those developed by Tinetti et al. (37) for the detection of falls, may be required to more accurately ascertain the onset and duration of disability.
The goal of the current study was to determine the prognostic effect of prior episodes of disability, not to elucidate the etiology of disability. We have previously suggested that disability arises from a combination of vulnerability factors, including physical frailty and cognitive impairment, and subsequent precipitating events, including acute hospital admissions and other less potent illnesses and injuries (38, 39) . We plan to test this model of disability in future studies by using data from the Precipitating Events Project.
We recognize potential limits to the validity of our findings. First, although our disability assessment had excellent reliability, it is possible that some of the disability transitions represented measurement error rather than a true change in functional status. If random, measurement error would have diminished the true association between a prior history of disability and development of future disability. Conversely, if erroneous reports of disability are correlated, the true association would have been overestimated. Second, eating, toileting, and grooming were omitted from our disability assessment. Although these omissions could lead to an underestimate of disability severity, they would have had little effect on our ascertainment of disability. Third, we oversampled persons who were physically frail. However, the validity of our findings should not be threatened since our intent was not to estimate population-based rates of disability. Furthermore, our bivariate results were reported separately for persons who were and were not physically frail, while our multivariate results were adjusted for physical frailty.
The generalizability of our findings also deserves comment. Our participants were members of a single health plan in a small urban area. According to the 2000 US Census (Internet Web site: http://factfinder.census.gov), the demographic characteristics of persons aged 65 years or older are comparable for New Haven County and the United States, with the exception of race. New Haven County has a larger proportion of non-Hispanic Whites relative to the United States (91.1 percent vs. 83.7 percent). Our analytical sample excluded a relatively small proportion of persons who had died prior to or refused the zero-time assessment at 18 months, as well as a larger proportion of persons who were disabled at zero-time. This latter criterion was necessary given the goal of the study. Several factors enhance the generalizability of our findings, including our high participation rate, which was greater than 75 percent, the relatively small proportion of persons excluded on the basis of our original entry criteria, and our low attrition rate and nearly complete ascertainment of disability. This latter factor is particularly noteworthy since generalizability is thought to depend as much on the stability of the population over time as on the choice of the study population (40) .
In summary, our results indicate that prior episodes of short-term disability are a harbinger of future disability. New strategies are warranted to more accurately estimate the true burden of disability among community-living older persons. 
